Tincture of Crataegus (TCR) is an antiatherogenic drug consisting of flavonoids, some saponins, and cardioactive amines. It is an alcoholic extract of the berries of the tree Crataegus oxyacantha, commonly called the hawthorn. TCR at a dosage of 0.5 ml/100 g body weight/day for 6 weeks could prevent the increase in lipid peroxidation observed in rats with experimentally induced atherosclerosis. TCR also prevented the decrease in glutathione and a-tocopherol content of the liver, aorta, and heart. The decreased activities of some antioxidant enzymes in liver, aorta, and heart tissues were also maintained at normal levels by the drug. TCR also prevented the copper ion-induced oxidation of low-density and very-low-density lipoproteins in vitro. The antiatherogenic effect of TCR appears to be related to its antioxidant property. It is possible that the constituents of TCR act synergistically to ameliorate the oxidative stress during atherogenesis.
In the last decade evidence has accumulated that lipid peroxidation plays a crucial role in the pathogenesis of atherosclerosis [1] . Elevated blood lipid concentrations may lead to elevated blood lipid peroxides, contributing to endothelial injury and accelerating the process of atherogenesis [2] . The plasma as well as tissues contains a number of antioxidants that limit lipid peroxidation. Therefore, the antioxidant status should have a major influence on the development of atherosclerosis [3] .
We have already confirmed the hypolipidemic [4] and antiatherogenic effect of a herbal drug-tincture of Crataegus (TCR). TCR, an alcoholic extract of the R. SHANTHI et al.
ripe berries of hawthorn (Crataegus oxyacantha, L. Rosaceae), has a number of pharmacological properties [5, 6] . One of the main constituents of TCR is flavonoids apart from triterpene saponins and some cardioactive amines [7] . Flavonoids are polyphenolic antioxidants, but their in vivo effects on atherosclerosis are unknown [8] .
The present study was done to clarify if TCR, which is rich in flavonoids, can have a protective effect on lipid peroxidation in experimentally induced atheroPlate 1.
Section of aorta from control rat (group I) showing normal intima and media .
Stain: hematoxylin and eosin, magnification: x280. 
Plate 2 (a

MATERIALS AND METHODS
Male Wistar rats weighing 120-150 g were divided into three groups . Group I (control group) was given normal rat chow (Lipton India , Ltd., Bangalore, Plate 3. Section of aorta from rat fed atherogenic diet and treated with TCR (group III) showing nearly normal architecture with negligible atherogenic changes . Stain: hematoxylin and eosin, magnification: x280. Table  1 . Lipid peroxide levels in serum, liver, aorta, and heart of control and experimental animals.
Values are expressed as mean±SD for 6 animals in each group . Group II was compared with group I; and group III, with group II (*** p<0 .001, ** p<0.01). Values, in ,imo1/g tissue, are expressed as mean±SD for 6 animals in each group. Group II was compared with group I; and group III, with group II (* * * p < O.OO 1, * * p <0.01). Activity of superoxide dismutase in liver, aorta, and heart of control and experimental animals. Values in units/mg protein are given as mean + SD for 6 animals in each group. One unit is the amount of enzyme that causes 50% inhibition of adrenaline autooxidation. Group II was compared with group I, and group III, with group II (*** p<0.041, **p<001, * p<O.05).
India). Groups II and III were given the atherogenic diet [9] for 6 weeks. The atherogenic diet mainly contained 1.5% cholesterol, 0.5% cholic acid, 10% butter, 59% sucrose, 24% casein, 5% salt mixture, and vitamins as prescribed. An excess of vitamin Dz (1.25 million USP units per kg diet) was also added. Group III rats were given TCR simultaneously with the atherogenic diet at an oral dosage of 0.5 ml/ 100 g body weight/day for 6 weeks. The atherosclerotic changes were studied by histopathological observation of the aortic arches of the control and experimental animals.
At the end of 6 weeks another set of rats from the three groups was killed by cervical dislocation. Blood was collected for the separation of serum. Liver, heart, and aorta were dissected out and washed with ice-cold saline. These tissues were weighed and homogenized in 0.15 M potassium chloride solution. The homogenates were centrifuged at 800>< g for 10 min, and aliquots of the supernatants were used for the estimations of the antioxidant enzymes, lipid peroxides (in terms of malondialdehyde, MDA) [10] and reduced glutathione (GSH) [11] . The antioxidant enzymes assayed in the tissue homogenates were superoxide dismutase (SOD) [12] , catalase (CAT) [13] , glutathione peroxidase (GPx) [14] , and glutathione-Stransferase (GST) [15] . Tissue protein content was also estimated by Lowry's method. Another set of weighed tissues was extracted thoroughly with chloroform- Values in ,umol H2O2 decomposed/min/mg protein are given as mean+SD for 6 animals in each group 2. Group II was compared with group I, and group III with group II (*** p<0.001, ** p<0.01, * p<0.05). EFFECT OF CRATAEGUS TINCTURE 217 methanol (2: 1, v/v), and the solvent was evaporated to dryness. The residue was used for the estimations of cr-tocopherol [16] and conjugated dienes (CD) [17] . CD concentration is also an index of lipid peroxidation. LDL+VLDL was isolated as a single fraction from pooled human serum by precipitation with heparin, magnesium chloride, and sucrose [18] . The protein content of the isolated fraction was determined. The effect of TCR on in vitro oxidation of (LDL+VLDL) fraction was studied by the method described by Wallin et al. [19] . Briefly, 2001u g (protein) of (LDL + VLDL) was suspended in 5 ,u M CuSO4 in phosphate-buffered saline. TCR (or rutin as a standard flavonoid) was added to the tubes in concentrations ranging from 0 to 1251ug in terms of total flavonoids. Whole TCR contained 50% ethanol, and the amount of ethanol in the incubation mixture did not exceed 1%. This concentration did not affect the reaction, as seen from the results obtained with the appropriate controls. Incubation was done at 3TC for 4 h, and the lipid peroxides formed were estimated [10] and expressed in terms of nanomoles malondialdehyde (MDA) formed per mg (LDL+VLDL) protein.
Statistical analysis of the results obtained was done by Student's t-test. pValues less than 0.05 were considered to be significant. Group I was compared with group II; and group II, with group III. 
RESULTS
Histopathological studies revealed that the aorta of group-I rats had a normal architecture (Plate 1). Several atherosclerotic changes like focal fat accumulation (Plate 2(a)), fibrin deposition (Plate 2(b)), and collagenization (Plate 2(c)), were seen in the aorta of group-II rats. The group-III rats, which were treated with the drug TCR, showed almost negligible changes, thus confirming the anti atherogenic effect of TCR (Plate 3).
A large increase (p < 0.001) in lipid peroxidation was observed in the serum and tissues of atherosclerotic rats (Tables 1 and 2 ). Group III (TCR administration) maintained lipid peroxidation at a significantly lower level when compared with group II (p<O.001).
Depression in the level of GSH (Table 3 ) was observed in liver (p<O.OI), heart and aorta (p<0.001) of group-II rats fed the atherogenic diet. Liver tissue showed a drastic depression (p<O.OOI) in a-tocopherol (Table 4 ) content, whereas in heart and aorta the depression was much less (p<O.05). TCR could prevent the depression in the tissue GSH content of group-III rats (p<0.001). The a-tocopherol content was also maintained at normal levels in the heart and aorta, but not Activity of glutathione-S-transferase in liver, aorta, and heart of control and experimental animals. Values in nmol CDNB conjugated/min/mg protein are given as mean+SD for 6 animals in each group. Group II was compared with group I, and group III, with group II (* p<0.001).
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in the liver, of the TCR-treated group. The activities of SOD, CAT, GPx, and GST were decreased significantly (p < 0.001) in the atherosclerotic group-II rats (Figs. 1, 2, 3 , and 4). TCR treatment (group III) prevented the decrease in the activities of these enzymes significantly (p <0.001) though the levels remained lower than those of the control animals. The effect of TCR (and rutin) on the in vitro oxidation of (LDL +-VLDL) is shown in Fig. 5 . (LDL + VLDL) incubated in the absence of TCR (or rutin) showed a high concentration of lipid peroxides. A decrease in lipid peroxides was observed with increasing concentrations of TCR, showing that TCR inhibited the Cu2+ ion-induced oxidation of (LDL + VLDL). We also observed that the percentage inhibition of oxidation by TCR was concentration dependent (Fig. 6 ) and that its effect was comparable to that of rutin, which was used as a standard. DISCUSSION Enhanced levels of lipid peroxides in serum and tissues have been demonstrated in atherosclerotic patients [20] as well as in animal models of atherosclerotis [21] . A similar condition was observed in this study, where an elevation in aortal lipid peroxides was also observed in the atherosclerotic animals. The lipid perox- protein are given as mean of triplicate analyses. Vol. 20, No. 3, 1996 ides may be a source of irritants to the arterial wall and may thus augment the atherogenic process [2] . TCR administration clearly inhibited lipid peroxidation in serum as well as in tissues in the group-III rats. The inhibition observed may have been due to the flavonoid as well as the saponin content of TCR. The flavonoids, rutin, and quercetin present in TCR have been shown to inhibit free radical processes in cells at various stages [22] . The triterpene saponins ursolic and oleanolic acid present in TCR may also contribute to the antioxidant effect of TCR, since these also have remarkable antioxidant activities [23] . It is likely that TCR protects the aorta from atherosclerotic changes by scavenging free radicals and thereby suppressing the peroxidation of lipids. Reduced glutathione (GSH) protects the cell against free radicals and reactive oxygen intermediates. Exogenously administered GSH has been proved to ameliorate the oxidative stress due to atherosclerotis [24] . The decline in GSH content of liver, heart, and aorta observed in the present study could have been due to enhanced utilization of GSH for non-enzymatic oxidation by free radicals and reactive oxygen intermediates. TCR administration resulted in retention of almost normal levels of GSH in the tissues. TCR probably spared GSH from being utilized by removing the excessively generated free radicals.
a-Tocopherol sequesters free radicals and acts as a chain-breaking antioxidant. A diminution of tissue a-tocopherol in the atherosclerotic rats should have resulted in enhanced lipid peroxidation, thereby aiding the atherogenic process. TCR maintained the concentration of ~-tocopherol in aorta and heart at the control level in group-III rats, but in liver tissue the levels were lower than the control levels. Ascorbic acid is said to augment the antioxidant action of cr-tocopherol by reducing the cr-tocopheryl radical back to ~-tocopherol [25] . TCR probably assists the above process indirectly, since the flavonoids in it have an ascorbic acid-sparing property [26] . The activities of the enzymes SOD, CAT, GPx, and GST, which are the first line of defense against oxidative stress, were lowered due to the atherogenic diet in group-II animals. High amounts of lipid peroxides are significantly correlated with the decrease in the activities of the enzymes CAT [27] , SOD [28] , and GPx [29] , which all of enzymes scavenge free radicals. Damage to the free radical-scavenging activities of the above enzymes may accelerate the atherogenic process. GST is an important enzyme that uses GSH as a substrate and detoxifies xenobiotics [2] . The decreased availability of GSH is probably the reason for decreased GST activity. TCR restored the activities of all these enzymes to almost normal levels in group III, and this effect is probably due to reversal of their inhibition by clearing the excess free radicals generated. GST activity was also maintained by TCR possibly by restoring the tissue GSH content to normal levels.
TCR was also found to inhibit the in vitro oxidation of (LDL+VLDL) induced by Cu2+ ions. Clearly this effect is largely due to its flavonoid content. Flavonoids can donate hydrogen or react with superoxide anions, hydroxyl radicals, and lipid peroxyl radicals, all of which can induce lipid peroxidation in vivo [30] . The flavonoids in TCR may act as scavengers of free radicals and other reactive oxygen species.
The results of the present study indicate that TCR prevents the increase in lipid peroxidation and corrects the imbalance in the antioxidant status produced due to atherosclerosis in a rat model. It also prevents the in vitro oxidation of the atherogenic lipoproteins LDL and VLDL, which suggests that a similar mechanism may be involved during its antiatherogenic activity in vivo.
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